Aims-To evaluate the use of a quantitative enzyme linked immunosorbent assay (ELISA) detecting C-polysaccharide (PnC) antigen in sputum for the diagnosis of Streptococcus pneumoniae infection.
The diagnosis of pneumococcal infection has been attempted using methods which detect the species specific C-polysaccharide (PnC) antigen by latex agglutination, coagglutination, and enzyme linked immunosorbent assay (ELISA).1-' Doubts about the efficacy of this technique are raised on the grounds that many other organisms share the immunodominant epitope-phosphorylcholine. These organisms include protozoa6 (the excreted factor of Leishmania donovan:), helminths (Toxocara canis excretory secretory antigen, Ascaris suum)78 and fungi (Aspergillus spp and Mentagrophytes spp).9 Of more importance is cross-reaction with other a haemolytic streptococci's"2 and group C fi haemolytic streptococci'0 as these organisms form part of the normal oral flora and this could lead to false positive results in sputum samples.
Studies of cross-reaction in a haemolytic streptococci have shown that up to 36% bind anti-PnC antibodies.'2 Cross-reaction is more common in clinical isolates rather than stock cultures, although the speciation of positive isolates in this study was incomplete. Lower concentrations of antigen were found in the a haemolytic streptococci, suggesting that diagnosis of pneumococcal infection by PnC detection may be valuable in the clinical setting.'2 We have recently shown that PnC-like antigen is found in the S oralis group of a haemolytic streptococci (comprising S oralis, S mitis, and S pneumoniae) and that this antigen is released more readily from S pneumoniae and is present at higher concentrations in the latter organism. '3 This suggests that by quantification of PnC antigen in sputum it might be possible to distinguish between cross-reacting antigens found in oral streptococci from infection with S pneumoniae. Diagnosis by quantifying PnC antigen has been shown to be valuable in a small study of 12 patients with S pneumoniae pneumonia. '4 We have, therefore, sought to evaluate a sensitive quantitative PnC antigen detection ELISA in a clinical setting using a larger group of patients.
Methods
Patients with the following diagnoses were selected: pneumonia with and without bacteraemia, hospital acquired pneumonia, and infective exacerbations of obstructive airways disease. Specimens were collected from 60 patients admitted to four hospitals in North London with suspected acute lower respiratory tract infection. The laboratory request forms and clinical case records were consulted to obtain details of the patients' clinical presentation.
Specimens of sputum were collected, cultured immediately, and then stored at -70°C until tested in the PnC antigen ELISA. A Gram stain was performed on a purulent portion of the sputum specimen. The sputum was examined for quality by light microscopy under low power (x 10 objective). community acquired pneumonia, and 10 were patients with acute hospital acquired pneumonia. There were 45 men and 15 women.
The mean age was 64-4 (range 22-88, median Id homogenised for 15 64). A history of previous antibiotic treatment nperature. An aliquot of was obtained in 12 cases. In 10 cases the preand diluted in 9 9 ml scription of antibiotics before admission could d a second dilution made not be determined.
Ln aliquot of 100,ul from All specimens were purulent with a mean )culated on to blood agar purulence score of 2-33 and a mean epithelial on to chocolated blood cell score of 0-72. Of the 60 patients, 31 had a re incubated at 37°C in clinically important isolate of S pneumoniae.
-10% CO, and increased Of these, six had a mixed infection with iber of colony formning Haemophilus influenzae. Seven patients had a iorphological type was clinically important isolate of H influenzae ion of isolates to species alone and two of Moraxella catarrhalis alone. 
Kfter four further washes
To define whether there is a difference otein (1-7 pg/ml) conju-between the result of quantitative PnC ELISA h peroxidase diluted in from the patients infected with S pneumoniae . The plates were incu-and those who were not infected with this Lrs at room temperature organism, all of the other bacterial diagnostic 1. 2,2'-azino-di-3-ethyl-groups were combined, a logarithmic trans-.onate ABTS peroxidase formation was performed, and an unpaired t rd-Perry, Gaithersburg, test applied. The results of this show that the Isadded and the optical difference between the means is (log) 2-404 nm using an automated (95% confidence interval 2-89 to 1 91), a diftek Multiscan MC, Flow ference which is significant at p <0 00001.
The Mann-Whitney U test for non-parametric data was also applied to the S pneumoniae group and to the combined non-S pneumoniae itivity, specificity, predictive group. The difference between the medians ,est with differing cut-off was 69995, K = 318, with 95% confidence interval 4199-79995. The U test was 19-5, the z statistic was -6 38 with a two-tailed 500(nglml) 1ugl/ml) probability of < 0 00001. 9The sensitivity, specificity, and predictive The lower limit of detection of PnC with the ELISA reported here is 1 ng/ml, a level of antigen which can be found in many patients as a result of cross-reacting antigens from oral bacteria. It would be possible, therefore, to define almost all of the patients "positive" for PnC antigen. By varying the cutoff value it was possible to set the level which optimised the sensitivity and specificity of the test. Using a cutoff value of 1 jug/ml, it was possible to obtain a sensitivity of 903%, a specificity of 93-1%, a predictive value of a positive result of 93-5% and a predictive value of a negative result of 89-6% when compared with the result of semiquantitative bacteriological culture. This implies that quantitation is successful in minimising false positive results arising from PnC-like antigens possessed by oral streptococci and bacteria contaminating saliva.
The sensitivity of quantitative PnC ELISA compares favourably with other methods for the diagnosis of S pneumoniae pneumonia. This includes methods which depend on detection of capsular polysaccharide antigen or C-polysaccharide antigen. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Another problem, however, with assays detecting PnC antigen is cross-reaction with some strains of H influenzae (manuscript in preparation). No false positive results were obtained in this study in the seven patients infected with H influenzae alone. Previous reports have noted false positive reactions in 1-2% of patients infected with H influenzae. '4 We conclude that quantitative antigen detection ELISA for PnC can be used to distinguish infection from colonisation with oral streptococci expressing C-polysaccharide-like antigens. The principle of quantitative antigen detection for the diagnosis of S pneumoniae in sputum might also be applied to other pneumococcal antigens where cross-reactions are less common.
